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Highlights: 65 
 Regional variation exists in therapy for BSI caused by ESBL-producers or CPE 66 
 Location influenced the empirical use of BLBLIs or carbapenems 67 
 BLBLI use for ESBL-producers or combination therapy for CPE also varied by location 68 
 Variation by location remained after adjustment for clinical factors 69 
 These data may help clinical trial design and antimicrobial stewardship efforts 70 
Abstract 71 
We aimed to describe regional differences in therapy for bloodstream infection (BSI) caused 72 
by extended-spectrum β-lactamase-producing Enterobacteriaceae (ESBL-E) or 73 
carbapenemase-producing Enterobacteriaceae (CPE). 1,482 patients in 12 countries were 74 
included from an observational study of BSI caused by ESBL-E or CPE. Multivariate logistic 75 
regression was used to calculate adjusted odds ratios (aORs) for the influence of country of 76 
recruitment on empirical use of β-lactam/β-lactamase inhibitors (BLBLI) or carbapenems, 77 
targeted use of BLBLI for ESBL-E and use of targeted combination therapy for CPE. The use of 78 
BLBLI for empirical therapy was least likely in sites from Israel (aOR 0.34, 95% CI 0.14-0.81), 79 
Greece (aOR 0.49, 95% CI 0.26-0.94) and Canada (aOR 0.31, 95% CI 0.11-0.88) but more 80 
likely in Italy (aOR 1.58, 95% CI 1.11-2.2) and Turkey (aOR 2.09, 95% CI 1.14-3.81), compared 81 
to Spain as a reference.  Empirical carbapenems were more likely to be used in sites from 82 
Taiwan (aOR 1.73, 95% CI 1.03-2.92) and USA (aOR 1.89; 95% CI 1.05-3.39), and less likely in 83 
Italy (aOR 0.44, 95% CI 0.28-0.69) and Canada (aOR 0.10, 95% CI 0.01-0.74).  Targeted BLBLI 84 
for ESBL-E was more likely in sites from Italy. Treatment at sites within Israel, Taiwan, Turkey 85 
and Brazil was associated with less combination therapy for CPE. Although this study does 86 
not provide precise data on the relative prevalence of ESBL-E or CPE, significant variation in 87 
therapy exists across countries even after adjustment for patient factors.  A better 88 
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understanding of what influences therapeutic choices for these infections will aid 89 
antimicrobial stewardship efforts.  90 
 91 
Keywords: extended-spectrum beta-lactamase, carbapenemase, carbapenems, beta-92 
lactam/beta-lactamase inhibitors, Escherichia coli, Klebsiella pneumoniae 93 
 94 
 95 
1. Introduction 96 
Bloodstream infections (BSI) are an important cause of morbidity and mortality worldwide. 97 
Differences in population demography, risk factor distribution and microbiology influence 98 
the incidence of BSI within different countries. Enterobacteriaceae are a major cause of BSI, 99 
with Escherichia coli and Klebsiella pneumoniae as the two most common gram-negative 100 
species isolated from blood cultures both in the community and in health care setting.[1, 2] 101 
Extended-spectrum β-lactamase (ESBL) enzymes confer resistance to 102 
oxyiminocephalosporins and monobactams in additional to penicillins, and have become 103 
widespread among Enterobacteriaceae,[3, 4] with rising trends even in low-prevalence 104 
countries.[5, 6] ESBL-producing organisms often carry other resistance genes thus limiting 105 
choices for effective antimicrobial therapy.[7]  Due to their stability to ESBLs, carbapenems 106 
have been considered the preferred agent for the treatment of serious infections caused by 107 
ESBL-producers,[3] but overuse of carbapenems may provide selection pressure for 108 
carbapenem resistance.[8]  Carbapenem-resistant Enterobacteriaceae (CRE), often resulting 109 
from the acquisition of carbapenemase genes, is now an emerging global public health 110 
threat.[9, 10] Although geographical variation in the prevalence of ESBL-producing 111 
Enterobacteriaceae (ESBL-E) or carbapenemase-producing Enterobacteriaceae (CPE) causing 112 
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BSI is well known, it is less clear how this variation influences clinical practice in terms of 113 
selecting empirical or targeted treatment regimens.  114 
 115 
The objectives of this study were to investigate variation across countries in antibiotic 116 
regimens used as empirical or targeted therapy for resistant gram-negative BSI, with the 117 
following hypotheses: (1) regional variation exists in the choice of empirical or targeted 118 
therapy for BSI caused by ESBL-E or CPE; (2) Regional variation exists in the use of β-119 
lactam/β-lactamase inhibitor (BLBLI) agents as targeted therapy for bacteraemia caused by 120 
ESBL-E; and (3) regional variation exists in the use of combination therapy for bacteraemia 121 
caused by CPE.  122 
 123 
2. Material and Methods 124 
2.1 Study design and participants 125 
This was a sub-study of a retrospective international cohort study (INCREMENT project; 126 
ClinicalTrials.gov identifier: NCT01764490) investigating the outcome impact of different 127 
antimicrobial regimens in the empirical and targeted therapy in BSI caused by ESBL-E or CPE 128 
from January 2004 to December 2013.[11] Thirty-seven hospitals from twelve countries 129 
(Spain, Italy, Greece, Taiwan, Turkey, Israel, USA, Argentina, Canada, Germany, Brazil and 130 
South Africa) participated in the INCREMENT project.  Consecutive patients were included if 131 
they had a clinically significant monomicrobial BSI due to either ESBL-E or CPE. Sites were 132 
encouraged to limit inclusion of only 50 ESBL-E cases, but had no limit to CPE cases.  Canada 133 
and Germany only contributed ESBL-E cases, Brazil only submitted CPE cases, whereas all 134 
other sites included both ESBL-E and CPE.  135 
 136 
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2.2 Variables and definitions 137 
We defined as “empirical” therapies administrated before the availability of any 138 
microbiological result; among the empirical therapies we considered the first antimicrobial 139 
agent used regardless of later additions or changes. Antibiotic regimens were incorporated 140 
into the following classes: aminoglycosides (amikacin, gentamicin, tobramycin), BLBLIs 141 
(amoxicillin-clavulanate, piperacillin-tazobactam, ticarcillin-clavulanate, ampicillin-142 
sulbactam), cephalosporins (cefepime, cefotaxime, cefuroxime, ceftriaxone, ceftazidime, 143 
cephalothin, cefixime), carbapenems (imipenem, doripenem, meropenem, ertapenem), 144 
colistin or tigecycline-based regimens.  Targeted therapy was defined as the agent selected 145 
once susceptibility results were available; this therapy had to be commenced within 5 days 146 
of the initial positive blood culture and administered for at least 50% of the total treatment 147 
duration. Monotherapy was defined if no other drug with activity against gram-negative 148 
organisms was co-administered, irrespective of isolate susceptibility.  We defined as 149 
inadequate those regimens against which the corresponding bloodstream isolates displayed 150 
a resistant or intermediate profile, using Clinical and Laboratory Standards Institute (CLSI) 151 
guidelines from 2012.[12] ESBL production was screened and confirmed according to CLSI 152 
recommendations;[12] selected ESBLs and all carbapenemases were characterised by 153 
polymerase chain reaction (PCR) and DNA sequencing using established methods at each 154 
local laboratory.  Nosocomial acquisition was defined as occurring when symptoms 155 
associated with bacteraemia occurred >48 hours after admission, or within 48 hours of 156 
discharge.  Otherwise, acquisition was considered to be community-onset.  Additional 157 
demographic and clinical data were collected for all patients, including age, sex, Charlson co-158 
morbidity score[13], Pitt bacteraemia score[14], the presence of severe sepsis or shock[15], 159 
diabetes mellitus, liver cirrhosis, malignancy or renal insufficiency. 160 
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 161 
2.3 Statistical analysis 162 
Categorical variables were expressed as proportions and compared using Pearson’s χ2 test. 163 
For normally distributed scale variables, means and standard deviations were calculated and 164 
compared by two-sample t-test. For non-parametric data, median and interquartile ranges 165 
(IQR) were calculated and compared using the Wilcoxon rank-sum test.  Potential predictors 166 
for antibiotic choice as the dependent variable were included in a univariate logistic 167 
regression model, with country of recruitment used as the main predictor. Patients who died 168 
before empirical or targeted therapy could be administered or those missing data describing 169 
antibiotic therapy were excluded.  Variables with a p-value of <0.2 and/or with large effect 170 
estimates (Odds Ratios > 2 or < 0.5) in the univariate analysis were included in the 171 
multivariate model (using fixed effects). Odds ratios (ORs) with 95% confidence intervals 172 
were calculated for predictors of empirical carbapenem or BLBLI use, use of BLBLI for 173 
targeted treatment of ESBL-E and for targeted combination therapy of CPE. The multivariate 174 
model was optimized using a stepwise approach, beginning with the univariate model most 175 
strongly associated with choice of antibiotic therapy. The goodness-of-fit of the model 176 
before and after each step was compared using the likelihood ratio test and Akaike’s 177 
information criterion. Variables that did not significantly improve the model fit were not 178 
added to the model. Statistical analysis was performed using Stata 13.1 (StataCorp; TX, USA) 179 
and figures produced using Prism 6 (GraphPad Software; CA, USA). A P-value <0.05 was 180 
considered significant.  181 
 182 
3. Results 183 
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A total of 1,482 patients (1,003 with ESBL-E and 479 with CPE) were enrolled from 12 184 
countries, with most cases recruited from sites in Spain (47.2%) (Figure 1). The baseline 185 
patient characteristics are presented in Table 1. Overall CPE accounted for 32.3% (479/1482) 186 
of cases, and were most frequently submitted from Italy (n=115), Spain (n=99), Greece 187 
(n=89) and Taiwan (n=60), whereas Canada and Germany contributed no CPE cases (Figure 188 
1). It should be noted that these proportions reflect case selection and should not be 189 
interpreted as reflecting the true prevalence of resistance in each country. Empirical 190 
antibiotic choices for both ESBL-E and CPE cases and the proportions of isolates testing 191 
susceptible to the chosen regimen are shown in Figures 2A-D. Use of empirical therapy for 192 
ESBL-E and CPE BSI according to source of infection and acquisition status (community vs. 193 
nosocomial) is shown in Figures 3A-D. The use of BLBLI for the targeted treatment of ESBL-E 194 
or targeted combination therapy CPE also varied across countries (Figures 4A-D). For 195 
targeted therapy of ESBL-E, carbapenems were used most commonly across all countries 196 
(478/993, 48.1%), with BLBLIs used less frequently (101/993, 10.1%) (Figure 4A).  Italy 197 
showed the highest use of BLBLIs for ESBL-E (29/132, 22.0%), whereas these were never 198 
used in Germany, Canada, Taiwan or South Africa.  Targeted combination therapy was used 199 
in 44.1% of CPE cases (211/479) (Figure 4B). Carbapenem-based combination therapy of CPE 200 
(i.e. any targeted regimen that included a carbapenem in combination with at least one 201 
other agent) was used in 17.1% (82/479) of cases, and occurred most commonly in Italy 202 
(31/115, 27.0%), Greece (16/89, 18.0%) and Turkey (5/27, 18.5%) but was never used in 203 
Argentina or South Africa, although the total number of CPE treated in these countries was 204 
low (Supplementary Table 1).   Details of agents used in targeted combination therapy for 205 
CPE are presented in Supplementary Table 2.  206 
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In a multivariate logistic regression model, using Spain as the reference category (as the 207 
group with the largest number of cases), patients were less likely to receive empirical BLBLI 208 
therapy if they were from Israel (aOR 0.34, 95% CI 0.14-0.81; p=0.015), Canada (aOR 0.31, 209 
95% CI 0.11-0.88; p=0.028) or Greece (aOR 0.49, 95% CI 0.26-0.94; p=0.033), but more likely 210 
in Italy (aOR 1.58, 95% CI 1.11-2.25; p=0.012) or Turkey (aOR 2.09, 95% CI 1.14-3.81; 211 
p=0.016) after adjustment for age, ICU admission, infecting species, acquisition status and 212 
Pitt bacteraemia score (Figure 5A; Supplementary table 3).  Empirical carbapenem use was 213 
more likely for sites within Taiwan (aOR 1.73, 95% CI 1.03-2.92; p=0.038) and the USA (aOR 214 
1.89, 95% CI 1.05-3.39; p=0.032), but less likely in Italy (aOR 0.44, 95% CI 0.28-0.69; p<0.001) 215 
and Canada (aOR 0.10, 95% CI 0.01-0.74; p=0.024) after adjustment for age, ICU admission, 216 
infecting organism, acquisition status and Pitt score (Figure 5B; Supplementary Table 4). The 217 
use of a BLBLI for targeted therapy of ESBL-E was significantly more likely in patients treated 218 
at Italian sites (aOR 3.46, 95% CI 2.00-6.00; p<0.001) after adjustment for age, ICU 219 
admission, infecting genus, acquisition status, the presence of severe sepsis and Pitt score 220 
(Figure 5C; Supplementary table 5).  It is worth noting that use of BLBLI as targeted therapy 221 
was less likely with higher Pitt scores, although the effect was modest (aOR 0.88; 95% CI 222 
0.77-0.99; p=0.038) (Supplementary table 5).   For the use of targeted combination therapy 223 
against CPE, the effect of location was seen for Israel (aOR 0.14; 95% CI 0.04-0.44; p=0.001), 224 
Taiwan (aOR 0.09; 95% CI 0.03-0.24; p<0.001), Brazil (aOR 0.14, 95% CI 0.04-0.45; p=0.001) 225 
and Turkey (aOR 0.26; 95% CI 0.10-0.69; p=0.007) where combination therapy was 226 
significantly less likely to be used after adjustment for source, acquisition status, presence of 227 
liver disease and infecting genus (Figure 5D; Supplementary table 6).      228 
  229 
Page 10 of 26
 
 
 
4. Discussion 230 
In the present study we sought to understand the different therapeutic approaches to BSI  231 
caused by multidrug-resistant Enterobacteriaceae across participant sites according to the 232 
country of recruitment. Considerable geographical variation was seen in choice of therapy, 233 
either when selected empirically or targeted against a known pathogen.  While much of this 234 
might be explained by the background prevalence of resistance, this may not account for all 235 
the variation seen.  236 
 237 
Historical differences in clinical practice or local guidelines across countries are likely to be 238 
strong drivers in routine selection of empirical therapy. A survey conducted in Europe 239 
between 1997-2009 showed significant variation in total outpatient antibiotic use, highest in 240 
Greece (38.6 defined daily doses per 1000 inhabitants per day [DID]) and lowest in Romania 241 
(10.6 DID).[16] Penicillins were the most frequently prescribed class due mainly to an 242 
increase in the use of combinations with β-lactamase inhibitors.[17] Notably, Italy was the 243 
country with the highest use of penicillins followed by Greece.[17] 244 
 245 
A key question of interest was how frequently BLBLIs were used as therapy for BSI caused by 246 
ESBL-E. After adjustment for potential confounding factors, recruitment from sites in Israel, 247 
Canada and Greece was independently associated with less use of BLBLI for empirical 248 
therapy of patients with ESBL-E. In the participant hospitals from Italy and Turkey empirical 249 
BLBLI use was significantly more likely to be used for ESBL-E, even after adjustment.  Not 250 
surprisingly, BSI caused by CPE was associated with less empirical BLBLI use. This may either 251 
reflect prior knowledge of colonisation with multi-resistant organisms, or recognition of 252 
relevant clinical risk factors. Indeed CPE was significantly more likely to be seen in 253 
Page 11 of 26
 
 
 
nosocomial infection than ESBL-E (88.9% vs 50.1%, p<0.001; χ2 test). Empirical carbapenem 254 
use was also less likely in older patients, although this effect size was small (aOR 0.99, 95% CI 255 
0.98-1.00; p=0.029). No other clinical factors, apart from geographical location, were 256 
significantly associated with empirical carbapenem use on univariate or multivariate 257 
analyses.  This is perhaps surprising, given that one might expect carbapenem use to be 258 
more likely in patients with high acuity infections or with greater burden of disease, but this 259 
was not associated with the objective markers of infection severity or co-morbidity that 260 
were measured in this cohort (i.e. Pitt, Charlson scores, co-morbid disease or the presence 261 
of severe sepsis or septic shock).  However, it is possible that additional clinical factors could 262 
influence empirical carbapenem use, which were not measured (e.g. presence of significant 263 
immunosuppression, organ transplant, background rate or antibiotic resistance).  264 
 265 
The burden of CPE and ESBL-E seen in this cohort broadly reflects existing prevalence data 266 
from these countries, but should not be considered an accurate description of national 267 
prevalence data. Within the European Union/European Economic Area (EU/EAA), Greece 268 
and Italy were the two countries with the majority of CPE cases included (see Figure 1). From 269 
2009 to 2014 there has been an increasing trend of the EU/EAA population weighted mean 270 
percentage for carbapenem resistance in K. pneumoniae with the highest rates in Italy, 271 
Greece and Romania.[18] Carbapenem resistance in E. coli in Europe remains generally low 272 
(<0.1%), however a rising trend in resistance to third-generation cephalosporins has been 273 
observed in more than a third of countries.[18] Taiwan, which still has a low prevalence of 274 
CPE,[19] detected carbapenemase genes in 6% of 100 isolates in 2010 and 22.3% of 247 275 
isolates in 2012 in a national surveillance study on carbapenem non-susceptible K. 276 
pneumoniae.[20] In the USA, CDC surveillance systems have reported an increase in the 277 
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percentage of Enterobacteriaceae with non-susceptibility to carbapenems.[21] In 2001 278 
approximately 1.2% of the most common Enterobacteriaceae reported to the Nosocomial 279 
Infection Surveillance system were non-susceptible to at least one of the 3 carbapenems; in 280 
2011 that percentage had risen to 4.2% with the greatest increase observed among K. 281 
pneumoniae (from 1.6% to 10.4%).[22] A retrospective cohort study among community 282 
hospitals throughout the south-eastern United States has found an increase in the incidence 283 
of ESBL–E. coli infections (from 5.3% in 2009 to 10.5% in 2014) while ESBL-K. pneumoniae 284 
remained stable.[23] Among South American countries, Argentina, along with Brazil, has 285 
experienced a statistical significant trend for carbapenem-resistant K. pneumoniae.[24, 25] 286 
According to the SENTRY study results from Latin America (2008-2010) rates of ESBL 287 
production were 24.7% among E. coli and 52.7% among K. pneumoniae.[25] 288 
 289 
In our cohort, BLBLIs, carbapenems and cephalosporins were the most frequently prescribed 290 
antibiotic classes for empirical monotherapy.  A significant proportion of empirical regimens 291 
were inadequate (50.6% of empirical regimens for ESBL-E and 76.4% for CPE; see Figure 2C 292 
and 2D), underscoring the difficulty in selecting appropriate empirical antimicrobial therapy 293 
in the context of MDR infections. However, it should be noted that some agents may still 294 
have some clinical efficacy (e.g. carbapenems against CPE) despite being categorised as ‘non-295 
susceptible’ according to clinical breakpoints, particularly if used in combination.     296 
 297 
Empirical combination therapy partially matches epidemiological data (i.e. countries with a 298 
high rate of carbapenem resistance are those which tend to use more combination 299 
therapies) but also with clinical presentation. Considering severity of disease at clinical 300 
presentation, the participant sites from Greece, Brazil, Argentina, Turkey and Italy were 301 
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countries with >50% of patients presented with severe sepsis or septic shock, which may 302 
influence the use of combination empirical regimens.  Combination therapy is recommended 303 
by some for the treatment of serious infection due to MDR organisms, particularly for 304 
CPE[26] and inadequate empirical treatment has been shown to be associated with higher 305 
mortality.[27] 306 
 307 
The variation in BLBLI use for ESBL-E bacteraemia is notable.  Despite some observational 308 
data suggesting that BLBLI may be non-inferior to carbapenems in this context,[11, 28] it is 309 
clear that this practice was not widespread during the period of study in these countries.  310 
This may suggest that if robust clinical evidence emerges that indicates equivalent clinical 311 
efficacy for BLBLIs against ESBL-E, there may be considerable scope to reduce carbapenem 312 
use against these infections.  Studies have been conflicting in this area, with some 313 
observational data to suggest that empirical BLBLI is associated with increased mortality,[29] 314 
although this finding does not reflect the experience in other settings.[28] Given these 315 
uncertainties, the standard of care has relied upon carbapenems for serious ESBL-E 316 
infections.[3] However, with the international drive for improved antimicrobial stewardship, 317 
there is considerable interest to seek carbapenem-sparing options for ESBL-E infections.    318 
Use of targeted combination therapy for ESBL-E was relatively infrequent (21%, range 0 to 319 
31.6%) but may reflect lack of data suggesting benefit for such infections.  However, 320 
targeted combination therapy for CPE was more common (used in 44.1% overall, range 321 
13.3% [Taiwan] to 66.7% [Argentina]), probably reflecting limited effective treatment 322 
options, and some evidence that combination therapy may be of benefit.[30] However, 323 
when directed combination therapy was used for CPE, carbapenem-based regimens were 324 
Page 14 of 26
 
 
 
less common than non-carbapenem-based options (17.3% vs 26.7%) (Supplementary Table 325 
1). 326 
 327 
Knowledge of historical clinical practice and the prevalence of MDR bacteria at a local level 328 
are both important when selecting antibiotic therapy. Scoring systems[31] have been 329 
studied to assess risk prediction for ESBL-E or CPE BSI.[32, 33] Factors such as poor 330 
functional status, recent antibiotic therapy or hospitalization and the severity of clinical 331 
presentation should be taken into account when assessing such risks. This can be 332 
challenging, especially in clinical settings where consultation with an infectious disease 333 
specialist is not readily available. Clinical risk-prediction scores also need to be adapted 334 
based on local prevalence. Hence, effective antimicrobial stewardship and the development 335 
of local guidelines, based on surveillance at an institutional and national level, are helpful to 336 
guide a prudent use of antimicrobials. In particular, the use of BLBLIs and carbapenems, two 337 
of the most frequently used classes for gram-negative BSI, has to be carefully balanced in an 338 
era where carbapenemases are increasingly encountered and alternatives therapies are 339 
currently limited.  340 
 341 
Our study has some limitations. As a post hoc analysis of a previously completed 342 
retrospective study, the original design was not intended to analyse epidemiological trends 343 
or variation in practice across countries.  The great majority of cases occurred in Spain, with 344 
relatively small numbers of cases and sites from other countries, which may introduce 345 
sampling bias.  Given the retrospective nature of the study, data were missing for some 346 
patients.  For some countries, the low proportion of CPE BSI reported did not reflect the 347 
known background prevalence of resistance, which may reflect sampling bias. For countries 348 
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with few CPE cases, the study would be underpowered to detect regional differences in 349 
treatment selection. We did not look at the impact on mortality of different regimens 350 
between the countries as this question has been addressed elsewhere.[11] 351 
 352 
5. Conclusions 353 
In this international observational cohort of patients with bloodstream infections caused by 354 
multi-drug resistant Enterobacteriaceae, we observed a preference to treat ESBL-E BSI with 355 
carbapenems and CPE BSI with alternatives to carbapenems or combination therapy.  In 356 
some countries, such as Italy and Turkey, the likelihood of using empirical BLBLI for ESBL-E is 357 
significantly higher than in recruiting sites in other countries such as Israel, Greece and 358 
Canada.   Being treated in the participant sites from USA or Taiwan was independently 359 
associated with an increased likelihood of receiving empirical carbapenem therapy, whereas 360 
this strategy was used less in Canadian or Italian participating hospitals. It should be noted 361 
that, although this study does not provide accurate data on the relative prevalence of ESBL-E 362 
or CPE across countries, it does offer some insight into the antibiotic strategies used for 363 
these infections. Despite variation across countries in the prevalence of ESBL-E or CPE, which 364 
may drive antibiotic selection, additional factors beyond clinical presentation and illness 365 
severity influence selection of empirical and targeted therapy in multi-drug resistant gram-366 
negative bloodstream BSI.  Knowledge of regional differences in therapy for these infections 367 
will help design international clinical trials aiming to compare new treatment options for 368 
gram-negative BSI. Further research is needed to better understand the reasons for these 369 
differences in order to target antimicrobial stewardship efforts.    370 
 371 
Acknowledgements 372 
Page 16 of 26
 
 
 
We would like to acknowledge Stuart Paynter and Anita Pelecanos for assistance with the 373 
manuscript.  374 
 375 
 376 
Declarations 377 
Funding: PH is supported by an Australian Postgraduate Award from the University of 378 
Queensland. The study was funded by the Ministerio de Economía y Competitividad, 379 
Instituto de Salud Carlos III - co-financed by European Development Regional Fund "A way to 380 
achieve Europe" ERDF, Spanish Network for the Research in Infectious Diseases (REIPI 381 
RD12/0015). BGG, JRB, APH and YC also received funds from the COMBACTE-CARE 382 
project (grant agreement 115620), Innovative Medicines Initiative (IMI), the European 383 
Union's Seventh Framework Programme (FP7/2007-2013) and in-kind contributions from 384 
EFPIA companies. 385 
Competing Interests: Dr. Rodríguez-Baño reports grants and personal fees from Merck, 386 
personal fees from AstraZeneca and personal fees from InfectoPharm, outside the submitted 387 
work. Dr. Pascual reports personal fees from Merck, grants and personal fees from B. Braun, 388 
personal fees from Astra Zeneca, outside the submitted work. Dr. Bonomo reports grants 389 
from Allergan, grants from Merck, grants from Entasis, grants from the NIH and grants from 390 
Merit Review VA, outside the submitted work. Dr. Doi reports personal fees from Meiji, 391 
personal fees from Shionogi, personal fees from Tetraphase, personal fees from 392 
Achaogen, personal fees from Allergan, grants and personal fees from The Medicines 393 
Company, personal fees from Curetis, personal fees from Roche, grants and personal fees 394 
from Merck, outside the submitted work. Dr. Perez reports grants from Pfizer, outside the 395 
submitted work. Dr. Canton reports personal fees from AstraZeneca, MSD and personal 396 
fees from Bayer, outside the submitted work. Dr. Tuon reports personal fees from Astra- 397 
Page 17 of 26
 
 
 
Zeneca, personal fees from Pfizer, personal fees from TEVA, grants and personal fees 398 
from MSD, personal fees from Bayer, during the conduct of the study. Dr Daikos reports 399 
grants and personal fees from Pfizer, personal fees from Achaogen, personal fees from 400 
MSD, grants from GILEAD and personal fees from REMPEX, during the conduct of the 401 
study. Dr. Paterson has received personal fees from Merck, grants from Merck, and 402 
nonfinancial support from Allergen, Shionogi, and Achaogen. Dr. Harris has received travel 403 
and accommodation support to speak at an educational event sponsored by Pfizer. All 404 
other authors declare no conflicts of interest 405 
Ethical Approval: The INCREMENT project was approved by the Spanish Agency of 406 
Medicines (AEMPS; code JRB-ANT-2012-01) and the Hospital Universitario Virgen Macarena 407 
Institutional Review Board (code 1921); the need to obtain written informed consent was 408 
waived. Approval was also obtained at participating centres according to local requirements. 409 
 410 
ESGBIS-REIPI INCREMENT group 411 
M.D. del Toro, J. Gálvez (IBiS-Hospitales Universitarios Virgen Macarena y Virgen del Rocío, 412 
Seville, Spain); M. Falcone , A. Russo (Policlinico Umberto I,Rome, Italy); I. Karaiskos (Hygeia 413 
General Hospital,Athens, Greece); E. M. Trecarichi, A. R. Losito (Catholic University of the 414 
Sacred Heart, Rome, Italy);  E. García-Vázquez, J. Gómez (Hospital Universitario Virgen 415 
Arrixaca, Spain); E. Roilides, E. Iosifidis  (Hippokration Hospital Thessaloniki, Greece); S. 416 
Pournaras (Medical School, University of Thessaly Larissa, Greece); N. Prim, F. Navarro, B. 417 
Mirelis (Hospital de la Santa Creu i Sant Pau, Barcelona, Spain); J. Origüen, R. San Juan, M. 418 
Fernández-Ruiz (Hospital 12 de Octubre, Madrid, Spain); M. Almela, C. de la Calle, J. A. 419 
Martínez and L. Morata. (Hospital Clinic de Barcelona, Barcelona, Spain); N. Larrosa, M. Puig-420 
Asensio (Hospital Universitario Vall d’Hebrón, Barcelona, Spain); G. Bou (Complejo 421 
Page 18 of 26
 
 
 
Hospitalario Universitario A Coruña, A Coruña, Spain); J. Molina, V. González (Hospitales 422 
Universitarios Virgen Macarena y Virgen del Rocío, Seville, Spain); J. Bermejo, V. Rucci 423 
(Hospital Español, Rosario, Argentina); E. Ruiz de Gopegui, C. I. Marinescu (Hospital 424 
Universitario Son Espases, Palma de Mallorca, Spain);, M. C. Fariñas, M. E. Cano, M. Gozalo 425 
(Hospital Universitario Marqués de Valdecilla-IDIVAL, Santander, Spain); J.R. Paño-Pardo, 426 
Marta Mora-Rillo (Hospital La Paz, Madrid Spain); S. Gómez-Zorrilla, F. Tubau (Hospital 427 
Bellvitge, Barcelona, Spain); A. Tsakris , O. Zarkotou (University of Athens, Athens, Greece); 428 
A. Antoniadou, G. Poulakou (University General Hospital Attikon, Greece); M. Souli (National 429 
and Kapodistrian University of Athens, School of Medicine, University General Hospital 430 
Attikon, Chaidari, Greece); W. Lowman (Wits Donald Gordon Medical Centre, Johannesburg, 431 
South Africa); D. Virmani (University of Calgary, Calgary, Canada); Julian Torre-Cisneros, I. 432 
Machuca, Irene Gracia-Ahufinger (Maimonides Biomedical Research Institute of Córdoba 433 
(IMIBIC), Hospital  Universitario Reina Sofía, University of Córdoba, Spain); Ö. K. Azap 434 
(Baskent University Faculty of Medicine, Ankara, Turkey); Ö. Helvaci , A. O. Sahin (Hacettepe 435 
University, Ankara, Turkey); R. Cantón, V. Pintado (Hospital Ramón y Cajal, Madrid, Spain); 436 
M. Bartoletti , M. Giannella (Teaching Hospital Policlinico S. Orsola Malpighi, Bologna, Italy); 437 
S. Peter (Universitätsklinikum Tübingen, Tübingen, Germany); A. Hamprecht (Institut für 438 
Mikrobiologie, Immunologie und Hygiene, Universitätsklinikum Köln, Cologne, Germany); C. 439 
Badia, M. Xercavins (Hospital Universitario Mútua de Terrassa, Terrassa, Spain); D. 440 
Fontanals, E. Jové (Hospital Parc Taulí, Sabadell, Spain). 441 
 442 
  443 
Page 19 of 26
 
 
 
References 444 
[1] Laupland KB, Church DL. Population-based epidemiology and microbiology of 445 
community-onset bloodstream infections. Clin Microbiol Rev. 2014;27:647-64. 446 
[2] Goto M, Al-Hasan MN. Overall burden of bloodstream infection and nosocomial 447 
bloodstream infection in North America and Europe. Clin Microbiol Infect. 2013;19:501-9. 448 
[3] Paterson DL, Bonomo RA. Extended-spectrum beta-lactamases: a clinical update. Clin 449 
Microbiol Rev. 2005;18:657-86. 450 
[4] Tal Jasper R, Coyle JR, Katz DE, Marchaim D. The complex epidemiology of extended-451 
spectrum beta-lactamase-producing Enterobacteriaceae. Future Microbiol. 2015;10:819-39. 452 
[5] Turnidge JD, Gottlieb T, Mitchell DH, Coombs GW, Daly DA, Bell JM. Community-onset 453 
Gram-negative Surveillance Program annual report, 2012. Commun Dis Intell Q Rep. 454 
2014;38:E54-8. 455 
[6] Lagace-Wiens PR, Adam HJ, Low DE, Blondeau JM, Baxter MR, Denisuik AJ, et al. Trends in 456 
antibiotic resistance over time among pathogens from Canadian hospitals: results of the 457 
CANWARD study 2007-11. J Antimicrob Chemother. 2013;68 Suppl 1:i23-9. 458 
[7] Mathers AJ, Peirano G, Pitout JD. The role of epidemic resistance plasmids and 459 
international high-risk clones in the spread of multidrug-resistant Enterobacteriaceae. Clin 460 
Microbiol Rev. 2015;28:565-91. 461 
[8] Van Boeckel TP, Gandra S, Ashok A, Caudron Q, Grenfell BT, Levin SA, et al. Global 462 
antibiotic consumption 2000 to 2010: an analysis of national pharmaceutical sales data. 463 
Lancet Infect Dis. 2014;14:742-50. 464 
[9] Nordmann P, Dortet L, Poirel L. Carbapenem resistance in Enterobacteriaceae: here is the 465 
storm! Trends Mol Med. 2012;18:263-72. 466 
Page 20 of 26
 
 
 
[10] Centers for Disease Control and Prevention. Antibiotic resistance threats in the United 467 
States. U.S Department of Health and Human Services; 2013. 468 
[11] Gutierrez-Gutierrez B, Perez-Galera S, Salamanca E, de Cueto M, Calbo E, Almirante B, et 469 
al. A Multinational, Preregistered Cohort Study of beta-Lactam/beta-Lactamase Inhibitor 470 
Combinations for Treatment of Bloodstream Infections Due to Extended-Spectrum-beta-471 
Lactamase-Producing Enterobacteriaceae. Antimicrob Agents Chemother. 2016;60:4159-69. 472 
[12] Clinical and Laboratory Standards Institute. Performance standards for antimicrobial 473 
susceptibility testing; 22nd informational supplement. CLSI M100-S22. Wayne, PA: CLSI; 474 
2012. 475 
[13] Charlson M, P. Szatrowski P, Peterson J, Gold J. Validation of a combined comorbidity 476 
index. Journal of Clinical Epidemiology. 1994;47:1245-51. 477 
[14] Hilf M, Yu VL, Sharp J, Zuravleff JJ, Korvick JA, Muder RR. Antibiotic therapy for 478 
Pseudomonas aeruginosa bacteremia: outcome correlations in a prospective study of 200 479 
patients. Am J Med. 1989;87:540-6. 480 
[15] Levy MM, Fink MP, Marshall JC, Abraham E, Angus D, Cook D, et al. 2001 481 
SCCM/ESICM/ACCP/ATS/SIS International Sepsis Definitions Conference. Crit Care Med. 482 
2003;31:1250-6. 483 
[16] Adriaenssens N, Coenen S, Versporten A, Muller A, Minalu G, Faes C, et al. European 484 
Surveillance of Antimicrobial Consumption (ESAC): outpatient antibiotic use in Europe 485 
(1997–2009). Journal of Antimicrobial Chemotherapy. 2011;66:vi3-vi12. 486 
[17] Versporten A, Coenen S, Adriaenssens N, Muller A, Minalu G, Faes C, et al. European 487 
Surveillance of Antimicrobial Consumption (ESAC): outpatient penicillin use in Europe (1997-488 
2009). J Antimicrob Chemother. 2011;66 Suppl 6:vi13-23. 489 
Page 21 of 26
 
 
 
[18] European Centre for Disease Prevention and Control. Antimicrobial resistance 490 
surveillance in Europe 2014. Annual Report of the European Antimicrobial Resistance 491 
Surveillance Network (EARS-Net). Stockholm: ECDC; 2015. 492 
[19] Wang JT, Wu UI, Lauderdale TL, Chen MC, Li SY, Hsu LY, et al. Carbapenem-493 
nonsusceptible Enterobacteriaceae in Taiwan. PLoS One. 2015;10:e0121668. 494 
[20] Chiu SK, Wu TL, Chuang YC, Lin JC, Fung CP, Lu PL, et al. National surveillance study on 495 
carbapenem non-susceptible Klebsiella pneumoniae in Taiwan: the emergence and rapid 496 
dissemination of KPC-2 carbapenemase. PLoS One. 2013;8:e69428. 497 
[21] Slayton RB, Toth D, Lee BY, Tanner W, Bartsch SM, Khader K, et al. Vital Signs: Estimated 498 
Effects of a Coordinated Approach for Action to Reduce Antibiotic-Resistant Infections in 499 
Health Care Facilities - United States. MMWR Morb Mortal Wkly Rep. 2015;64:826-31. 500 
[22] Guh AY, Limbago BM, Kallen AJ. Epidemiology and prevention of carbapenem-resistant 501 
Enterobacteriaceae in the United States. Expert Rev Anti Infect Ther. 2014;12:565-80. 502 
[23] Thaden JT, Lewis SS, Hazen KC, Huslage K, Fowler VG, Jr., Moehring RW, et al. Rising 503 
rates of carbapenem-resistant enterobacteriaceae in community hospitals: a mixed-methods 504 
review of epidemiology and microbiology practices in a network of community hospitals in 505 
the southeastern United States. Infect Control Hosp Epidemiol. 2014;35:978-83. 506 
[24] Bonelli RR, Moreira BM, Picao RC. Antimicrobial resistance among Enterobacteriaceae in 507 
South America: history, current dissemination status and associated socioeconomic factors. 508 
Drug Resist Updat. 2014;17:24-36. 509 
[25] Gales AC, Castanheira M, Jones RN, Sader HS. Antimicrobial resistance among Gram-510 
negative bacilli isolated from Latin America: results from SENTRY Antimicrobial Surveillance 511 
Program (Latin America, 2008-2010). Diagn Microbiol Infect Dis. 2012;73:354-60. 512 
Page 22 of 26
 
 
 
[26] Daikos GL, Tsaousi S, Tzouvelekis LS, Anyfantis I, Psichogiou M, Argyropoulou A, et al. 513 
Carbapenemase-producing Klebsiella pneumoniae bloodstream infections: lowering 514 
mortality by antibiotic combination schemes and the role of carbapenems. Antimicrob 515 
Agents Chemother. 2014;58:2322-8. 516 
[27] Schwaber MJ, Carmeli Y. Mortality and delay in effective therapy associated with 517 
extended-spectrum beta-lactamase production in Enterobacteriaceae bacteraemia: a 518 
systematic review and meta-analysis. J Antimicrob Chemother. 2007;60:913-20. 519 
[28] Rodriguez-Bano J, Navarro MD, Retamar P, Picon E, Pascual A, Extended-Spectrum Beta-520 
Lactamases-Red Espanola de Investigacion en Patologia Infecciosa/Grupo de Estudio de 521 
Infeccion Hospitalaria G. beta-Lactam/beta-lactam inhibitor combinations for the treatment 522 
of bacteremia due to extended-spectrum beta-lactamase-producing Escherichia coli: a post 523 
hoc analysis of prospective cohorts. Clin Infect Dis. 2012;54:167-74. 524 
[29] Tamma PD, Han JH, Rock C, Harris AD, Lautenbach E, Hsu AJ, et al. Carbapenem Therapy 525 
Is Associated With Improved Survival Compared With Piperacillin-Tazobactam for Patients 526 
With Extended-Spectrum beta-Lactamase Bacteremia. Clin Infect Dis. 2015;60:1319-25. 527 
[30] Morrill HJ, Pogue JM, Kaye KS, LaPlante KL. Treatment Options for Carbapenem-528 
Resistant Enterobacteriaceae Infections. Open Forum Infect Dis. 2015;2:ofv050. 529 
[31] Goodman KE, Lessler J, Cosgrove SE, Harris AD, Lautenbach E, Han JH, et al. A Clinical 530 
Decision Tree to Predict Whether a Bacteremic Patient Is Infected With an Extended-531 
Spectrum beta-Lactamase-Producing Organism. Clin Infect Dis. 2016;63:896-903. 532 
[32] Tumbarello M, Trecarichi EM, Bassetti M, De Rosa FG, Spanu T, Di Meco E, et al. 533 
Identifying patients harboring extended-spectrum-beta-lactamase-producing 534 
Enterobacteriaceae on hospital admission: derivation and validation of a scoring system. 535 
Antimicrob Agents Chemother. 2011;55:3485-90. 536 
Page 23 of 26
 
 
 
[33] Miller BM, Johnson SW. Demographic and infection characteristics of patients with 537 
carbapenem-resistant Enterobacteriaceae in a community hospital: Development of a 538 
bedside clinical score for risk assessment. Am J Infect Control. 2016;44:134-7. 539 
 540 
Page 24 of 26
 
 
 
Figure 1:  Frequency of ESBL-E and CPE cases submitted by country 541 
Figure 2: Selection of empirical therapy for BSI by country. 2A| Empirical therapy for BSI 542 
caused by ESBL-E. 2B | Empirical therapy for BSI caused by CPE. 2C | Proportions of ESBL-E 543 
testing susceptible to the empirical regimen. 2D | Proportions of CPE testing susceptible to 544 
the empirical regimen 545 
Figure 3: Selection of empirical therapy for BSI caused by ESBL-E or CPE by source or 546 
acquisition status. 3A | Empirical therapy for ESBL-E by source of infections. 3B | Empirical 547 
therapy for CPE by source of infection. 3C | Empirical therapy for ESBL-E by acquisition 548 
status. 3D | Empirical therapy for CPE by acquisition status. 549 
Figure 4: Selection of targeted therapy for ESBL-E or CPE by country. 4A| Targeted therapy 550 
for BSI caused by ESBL-E. 4B | Targeted therapy for BSI caused by CPE. 4C | Proportions of 551 
ESBL-E cases treated with targeted combination therapy. 4D | Proportions of CPE cases 552 
treated with targeted combination therapy 553 
Figure 5: Forest plots of adjusted odd ratios (aOR) and 95% confidence intervals (95% CIs) for 554 
antibiotic selection by participating sites in each country. 5A | aORs for empirical use of 555 
BLBLI. 5B | aORs for empirical use of carbapenems. 5C | aORs for targeted use of BLBLI for 556 
ESBL-E. 5D | aORs for targeted use of combination therapy for CPE. Note: Spain used as a 557 
reference (full data in Supplementary tables 3-6) 558 
 559 
 560 
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Table 1: Baseline variables for patients with ESBL-E and CPE 561 
Variable  ESBL CPE P 
Gender Female 441 (44.0%) 200 (41.8%) 0.42¶ 
 Male 562 (56.0%) 279 (58.2%)  
Age, mean (SD)  65.8 (17.8) 62.9 (17.5) 0.003* 
Admission type Medical 465 (46.9%) 196 (41.6%) <0.001¶ 
 Surgical 138 (13.9%) 56 (11.9%)  
 ED 260 (26.2%) 51 (10.8%)  
 ICU 128 (12.9%) 168 (35.7%)  
Charlson score, median (IQR)  2.0 (1.0, 4.0) 2.0 (1.0, 4.0) 0.022§ 
Pitt score, median (IQR)  1.0 (0.0, 3.0) 3.0 (0.0, 5.0) <0.001§ 
Severe sepsis or shock Absent 605 (62.2%) 212 (46.6%) <0.001¶ 
 Present 367 (37.8%) 243 (53.4%)  
Acquisition Nosocomial 492 (50.1%) 426 (88.9%) <0.001¶ 
 Community 491 (49.9%) 53 (11.1%)  
Source Urinary 421 (42.1%) 73 (15.6%) <0.001¶ 
 Biliary 109 (10.9%) 21 (4.5%)  
 Intra-abdominal 115 (11.5%) 49 (10.4%)  
 Pneumonia 72 (7.2%) 52 (11.1%)  
 Osteoarticular 5 (0.5%) 0  
 Vascular 66 (6.6%) 105 (22.4%)  
 Skin / soft tissue 27 (2.7%) 16 (3.4%)  
 Central nervous system 2 (0.2%) 1 (0.2%)  
 Unknown 166 (16.6%) 135 (28.8%)  
 Others 16 (1.6%) 17 (3.6%)  
Species E. coli 693 (69.1%) 17 (3.5%) <0.001¶ 
 Klebsiella spp. 233 (23.2%) 415 (86.6%)  
 Others 77 (7.7%) 47 (9.8%)  
Diabetes Absent 661 (66.5%) 314 (67.7%) 0.66¶ 
 Present 333 (33.5%) 150 (32.3%)  
Liver disease Absent 857 (87.1%) 409 (86.8%) 0.89¶ 
 Present 127 (12.9%) 62 (13.2%)  
Malignancy Absent 594 (60.9%) 302 (64.3%) 0.22¶ 
 Present 381 (39.1%) 168 (35.7%)  
Renal dysfunction Absent 753 (78.6%) 348 (76.0%) 0.27¶ 
 Present 205 (21.4%) 110 (24.0%)  
Total  1003 479  
*2-sample t-test §Wilcoxon rank-sum test ¶ Pearson’s χ
2
 test 562 
 563 
 564 
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